A new structure of carbon is proposed in order to account for the occurrence of extra lines on X-ray powder photographs of graphite. It has hexagonal layers similar to those of graphite, but arranged in a different sequence. About 14 % of the new structure is present in the samples examined.
I n t r o d u c t io n
The structure of graphite is given in the literature as hexagonal with four atoms in the unit cell (Hassel & Mark 1924; Bernal 1924; O tt 1928) ; the dimensions of the unit cell are a = 2-456 A, c -6-696 A (Trzebiatowsk however, does not account for some faint lines th at occur on X-ray powder photo graphs of well-crystallized graphite (Taylor & Laidler 1940) . These lines have attracted attention because of their very general occurrence; they are given by graphites of many different origins, natural and artificial. For instance, they occur on a photograph that Rooksby (1940) gives as typical of natural graphite, and Taylor & Laidler (1940) found th at they are given by graphite crystallized in an arc. Purification of the specimens does not remove the lines, but they do disappear after long periods of digestion with a mixture of concentrated sulphuric and nitric acids. Finch & Wilman (1936) had observed similar extra lines on electron-diffraction photographs, and had accounted for them as secondary diffraction phenomena for plates only a small number (3, 4, or 5) of unit cells thick. Secondary maxima should appear at intervals th at are submultiples of the intervals between the primary maxima, and so the extra lines were given simple fractional l indices. While this explanation may be plausible for electron-diffraction photographs, the sharpness of the lines on X-ray photographs shows th at here we are dealing with much bigger crystals. Taylor & Laidler (1940) suggested th at the extra lines may be another mani festation of the 'diffuse' reflexion of X-rays, but Lonsdale, Knaggs & Smith (1940) showed that this cannot be so. Edwards & Lipson (1942) thought that they may be due to defects in the graphite structure similar to those found in cobalt (Edwards, Lipson & Wilson 1941) , but occurring at regular intervals. It was in order to test this suggestion th at the present work was undertaken.
The structure of graphite
P o sit io n s of t h e l in e s
Measurements were made of a powder photograph, kindly supplied by Dr A. Taylor, of graphite crystallized by arcing. In figure 1 these measurements are plotted against the angles calculated for the various indices shown, and it will be seen that the positions of the extra lines conform with those for simple fractional l indices. These indices are all multiples of §, and the theory th at the lines are due to periodic repetition of faults would require th at such faults should occur after every third unit cell. This theory, however, cannot account for the absence of odd multiples of 3.
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P r o p o se d s t r u c t u r e
A much simpler way of explaining l indices th at are multiples of § is to postulate a unit cell with a c-axis § times as long as the usual one. The extra lines would then represent the effect of a small amount of such a structure mixed with the ordinary one. Now the ordinary graphite structure consists of layers of carbon atoms forming hexagons with shared edges; each layer has half its atoms directly above atoms in the layer below, and the other half above the centres of hexagons. The complete structure is formed by repeating these layers in such a way that alternate ones are similar. In figure 2 two such layers are shown by thick lines and by double lines. I t will be seen, however, th at there is a third type of layer, shown by broken lines, which is symmetrically related to the other two. A structure may therefore be imagined in which these three layers repeat successively, and it is this structure th at we propose as the origin of the extra diffraction lines. I t is obvious that the structure is very closely related to th at of ordinary graphite. The strongest lines from it are coincident with the strongest graphite lines, and th at is the reason why so few lines from it are visible. This gives a possibility of obtaining additional evidence for its existence, for measurements of intensities should show whether these strong lines-those with 3 integral-are rela tively stronger than the others.
The results of photometry of one film are shown in figure 3 ; in this figure a function of the intensities that should be linear in sin2 0 (Bradley & Lu 1937 ) is plotted against sin2 6 . The lines from the ordinary structure are shown by circles, and those for the new structure by crosses, the lines common to the two being marked with the two signs superimposed. I t will be seen th at the intensities of these lines do lie above those of the others.
The agreement, however, is not quantitatively correct, as the increase in the intensities of the common lines is larger than it should be. This is shown by the broken line in figure 3, which is that upon which the intensities of the common lines should lie if the amount of structure present were th at given by its separate lines; this point will be discussed later.
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D e s c r ip t io n of t h e st r u c t u r e
As we have stated, the structure may be referred to the hexagonal axes a = 2-456 A, c - § x 6-696 A = 10-044 A. The atoms are in positions 0 0 0, 0 0 f 3 3 f f , § 3 f . This structure, however, is really rhombohedral, with a = 3-635 A, a = 39-49°. The atoms are at + ( , u, u) , with = and the spac group is R 3m .The parameter u cannot, of course, be determined exactly; we have chosen this value as it gives plane hexagonal rings. Actually the value = 0-164 would give slightly better agreement with the intensities, and this would mean that the atoms were + 0-03 A out of the planes. The intensities, however, are too small for this point to be stated definitely.
P r o po r t io n s of t h e s t r u c t u r e s
It was considered advisable to verify that the enhancement of the lines with (hk ) j 3 integral did not occur for the lines from the ordinary structure, and so we attem pted to remove the new structure by digestion with concentrated sulphuric and nitric acids. However, photometry of the resulting photograph, which showed °nly faint traces of the extra lines, still gave the same enhancement of the lines with ( hk)/3i ntegral. It thus appears th at the action of the acids is to rea the layers of atoms, rather than to remove the new structure; this would leave the lines common to the two structures unaffected, but might make the others so broad th at they would be undetectable (Wilson 1942) . Support to these ideas is given by the observation th at the specimen did not lose weight during the trans formation. Also lines with l non-zero became broadened, indicating th at the regular arrangement of the planes is affected; other lines, especially 1120, remain almost unaltered, showing th at the planes themselves remain perfect.
The considerations suggest an explanation of the enhancement of the lines with (h -h)/3 integral, for there may always be a certain amount of the structure with disordered packing present. The data given in figure 3 could be explained com pletely by a specimen that contained 14 % of the new structure, 6 % of the dis ordered structure, and 80 % of the ordinary structure.
The general occurrence of the new structure is remarkable. It occurs in samples of natural graphite from Ceylon, Bavaria, and Travancore, and in graphite ex tracted from the Tush' which occurs in the casting of carbon-rich steels; to visual examination of the photographs, the same proportions of it seem to be present as in the artificial sample used by Dr Taylor. 
